The aim of the investigations was to determine the effect of composting municipal waste with various added substances (starch, edible oil or urea) on the content of selected forms of zinc, cadmium, copper and lead, the quality of organic matter and counts of some groups of physiological microorganisms. The above properties of compost may provide the basis for assessment of the composting process efficiency. The research object was biomass prepared from plant and other biodegradable waste generated in the area of Krakow. The biomass for composting was prepared from the following organic waste: deciduous tree chips, chicory coffee production waste, grass and tobacco waste. There were two stages of the composting process: I -lasting for 14 days, to obtain "heated" compost, and II -lasting for 210 days, when starch, edible oil or urea was added to the composted biomass. The total content of Zn, Cd, Cu and Pb determined in the analyzed composts does not pose a threat to the purity of the soil environment. The content of water-soluble forms of trace elements and forms bound to organic matter was affected by the loss of organic matter, chemical properties of a given element and the addition of supplement, mainly urea, to the composted biomass. Analysis of the fractional composition of humic compounds revealed higher values of the Cha:Cfa ratio in the composts with added edible oil or urea than in the other composts, which may indicate a much more advanced decomposition process of the material subjected to composting. Among the analyzed microorganisms, bacteria were most numerous in the composts. The introduction of urea to the composted biomass reduced microbial activity. Adding starch or oil stimulated microbial development and may have stimulated the composting process. 
InTRODUCTIOn
In the European Union, composting is one of the most widely promoted methods of the biological processing of biodegradable waste, which is arduous waste due to its high water content, which makes storage difficult. Composting may be defined as controlled, biological decomposition and stabilization of organic substrates, carried out under aerobic conditions to an adequate moisture content, during which process the temperature of the composted material rises to the thermophilic range (horiuchi et al. 2003 (horiuchi et al. , ishii, Taki 2003 (horiuchi et al. , wang et al. 2004 . The final product of well-conducted composting should be sanitary safe material, abundant in humus and biogenic compounds (himanen, hanninen 2011) .
A high content of organic substance and fertilizer components in some biodegradable waste makes it good raw material for composting. The factors which restrict later use of ready compost may be its immaturity or excess pollutants, including trace elements (garcia et al. 1995 , Bowszys et al. 2009 , sąDej, namiotko 2010 .
The variety of functions which organic matter performs in the environment means that both its quantity and quality in processed organic waste, including composts, should be taken into consideration while assessing the value of biologically transformed products (huang et al. 2006) . In general, composting should improve the quality of organic matter, e.g. by increasing the share of its stabile forms in mature composts (huang et al. 2006) . Inadequate conditions in which composting is conducted, e.g. insufficient aeration or wrong biomass composition, lead to quantitative and qualitative changes in microbial populations, which result in disadvantageous modifications of the quantitative and qualitative composition of organic matter in compost (kulcu, yaldiz 2004) .
The biochemical processes which occur during composting may activate initially inert trace elements (hsu, lo 2001), which, depending on how given compost is intended to be used, may create undesirable conditions for the plant growth and development. Thus, it is justifiable to assess not only the total content of trace elements in composts but also their mobile forms and those bound to organic matter. These forms usually constitute a considerable proportion of the total content and, under suitable soil conditions (gondek 2007 (gondek , kang et al. 2011 (gondek , JakuBus 2012 , may undergo fast degradation.
The organic fraction of composted waste, particularly the final product, contains a considerable amount of microbial biomass. Two groups dominate during the composting process: bacteria, including actinomycetes, and fungi. Changes in the composition of the microbial population depend mainly on the temperature maintained during the process, biomass aeration and the content of readily available forms of organic matter in the composted material. The temperature induces quantitative and qualitative changes of the microflora and causes sterilization of the product, i.e. compost (TiQuia et al. 1996 (TiQuia et al. , huang et al. 2010 (TiQuia et al. , zhang et al. 2011 .
The aim of the conducted investigations was to determine the effect of composting, mainly of municipal waste, with various added substances (starch, edible oil or urea) on the content of selected forms of trace elements, quality of organic matter and counts of some groups of physiological microorganisms, which may provide the basis for the assessment of composting process efficiency. It was assumed that the amount and composition of added substances would make composting easier.
MATERIAL AnD METHODS
The object of the investigations was the biomass prepared from plant waste and other biodegradable waste generated in the urban area of Krakow. The biomass for composting was prepared from the following organic waste materials (in the waste catalogue marked by 20 02 code: waste from gardens and parks): deciduous wood chips (43.87% share in the biomass), grass (23.13% share in the biomass), waste (02 03 03) from chicory coffee production (21.94% share in the biomass) and plant waste (02 03 82) from the tobacco industry (10.96% share in the biomass). The moisture content of the mixed biomass was 45.30%, and the C:N ratio was 1:20. A 0.5 x 0.4 x 0.3 m (height x length x width) bioreactor was equipped with an aerating system and a system of post-process water draining. During the experiment, the biomass temperature and moisture content were controlled in order to maintain optimal conditions for the process. Biomass in the bioreactors was aerated in a 0.01 m 3
•min -1 system four times in 24 hours. For better aeration and homogenization, the composted biomass was taken out of the bioreactors once a week and mixed manually. Two stages were identified in the composting process: I -lasting for 14 days, aiming to obtain "heated" compost, and II -lasting for 210 days, when different substances were added (5% of the fresh mass of "heated" compost) to composted biomass. Selected properties of "heated" compost are presented in Table 1 .
The experiment comprised the following variants in two replications: C1 -raw compost without additions (control); C2 -raw compost + starch (edible product); C3 -raw compost + edible oil; C4 -raw compost + urea (chemically pure). After composting, all the materials were thoroughly mixed and then sifted through a 1 cm mesh, and 3 kg samples were collected for chemical and microbiological analyses.
The following were determined in the initial and composted material: dry matter content at 105°C (the process lasted for 12 hours); pH by a potentiometer in an aqueous suspension of compost at the 1 : 10 dry matter to water ratio, electrolytic conductivity by a conductometer, the total content of zinc, copper, cadmium and lead determined after sample mineralization in a muffle furnace (450°C for 5 hours) and dissolution in diluted (1:2) nitric acid. The determinations were made using the methods suggested by Baran and Turski (1996) . The water soluble forms of these elements and their forms bound to organic matter were extracted using redistilled water and 0.1 mol dm -3 K 4 P 2 O 7 solution, respectively. The trace element content in the solutions and extracts was determined with the ICP-AES method on a JY 238 Ultrace apparatus (Jobin Yvon).
The total content of organic carbon was determined with the oxidation--titration method following sample mineralization in potassium dichromate. The humic compounds were extracted from the composts with distilled water for 24 hours (extracted C). In order to cause the coagulation of humic acids, some of the obtained extract was acidified with sulfuric acid to reach pH 2. After filtering, the precipitate of humic acids was dissolved in hot NaOH of 0.05 mol dm -3 concentration. The organic carbon content was determined in the extracts with the oxidation-titration method after sample mineralization in potassium dichromate. Fulvic acid carbon was calculated as the difference between the content of C extracted with water and the humic acid carbon content.
Microbiological quantitative analyses of dormant and vegetative forms of mesophilic bacteria and microbiological quantitative analyses of fungi, actinomycetes, and amylolitic, proteolytic and lipolytic bacteria were conducted using the serial dilution method. The analyzed material was cultured on general purpose and selective culture media, and after an adequate period of incubation colony-forming units were counted. The results were converted into 1 g of sample dry matter (aTlas, parks 1997).
The analytical results are arithmetic means of four replications. The standard deviation was calculated for the mean values presented in the tables. Average pH values of the composts and standard deviation values were computed after converting pH to the hydrogen ion content.
RESULTS AnD DISCUSSIOn
The dry matter content in the analyzed samples was differentiated by the composting process depending on the kind of an added component (Table 2). In comparison with the control compost (C1), the dry matter content increased in the biomass of composts made with starch (C2) and urea (C4).
Soil reaction is one of the most important physicochemical properties of waste substances and also a good indicator of the course of compost maturing. Based on the conducted experiments, a marked increase in the pH value was observed in the analyzed composts in comparison with the initial material ("heated" compost) - Tables 1, 2 . iglesias-Jimenez and perez-garcia (1991) also demonstrated an increase in the pH value of composted waste. An increase in the pH value of composted biomass may be caused by an the content of soluble forms of alkaline elements, such as magnesium or calcium, increasing with time, as demonstrated by drozd et al. (1996) . Moreover, it may be the result of the degradation of organic compounds, mostly proteins, leading to the release of ammonia.
Excess soluble salts in composts applied to soil may distort the balance in the soil solution, retarding the plant growth. A good indicator of compost salinity is electrolytic conductivity. The electrolytic conductivity of water solutions depends on the kind of soluble substances, their concentration and temperature. The value of electrolytic conductivity in the analyzed composts, irrespectively of the added substances, was higher than in "heated" compost (Tables 1, 2 ). The elevated value of electrolytic conductivity in the composts at the termination of composting resulted from the progressing mineralization of organic matter, which causes the release of mineral components, responsible for a higher value of the electrolytic conductivity of the analyzed materials. In the previous investigations conducted by gondek (2006) and dimamBro et al. (2007) , much lower values of electrolytic conductivity were determined both in composts based on non-segregated municipal waste and in ones produced from plant and other biodegradable waste.
The total cadmium content was on a similar level, regardless of the compost (Table 3 ). The content of cadmium extracted with water (Cd H 2 O) was between 5 and 10-fold higher in the compost with urea than in the other ones.
The highest cadmium content was determined in organic matter compounds. The share of this Cd form in the total content was between 15% in the compost with starch (C2) and 24% in the compost without additions (C1).
The total zinc content was the highest in the compost with no additions (Table 3 ). According to the limits set for heavy metals in composts by the European Commission, the analyzed materials (irrespectively of the added substance) belong to the second class in respect of the content of zinc ± standard deviation, C1 -raw compost without addition (control), C2 -raw compost + starch (food product), C3 -raw compost + edible oil, C4 -raw compost + urea (chemically pure);
(wasiak, madeJ 2009). The content of water-extracted zinc was the highest in the compost with urea. The share of this zinc form in the total content in the composts with starch, edible oil or without additives did not exceed 5%. In the compost with urea, the share was on average over 6-fold higher. The highest amounts of zinc in the composts were determined in forms bound to organic matter. On average, the share of organically bound zinc with reference to the total zinc content in the composts with starch, edible oil or without additives reached almost 70%, being almost 20% lower in the compost with urea. The content of various zinc forms change dynamically during waste composting. drozd and licznar (2004b) showed that the content of soluble zinc forms decreased in the first weeks of composting. The moisture content of the composted waste may have significantly affected the content of mobile forms of this element. According to drozd and licznar (2004b), a higher moisture content of composted waste decreases the content of water soluble forms of this element. In the authors' own investigations, adding urea to composted waste caused an increase in the content of water extracted zinc. drozd and licznar (2004b) also point to the increased solubility of zinc compounds in composted waste depending on added nitrogen. According to rosik-dulewska and mikszT (2004), the content of zinc bound to organic matter in composts from municipal waste did not exceed 30% of the total content of this element. In the authors' own research, the share was twice as high. The total copper content in the composts with the addition of starch (C2), edible oil (C3) and in the control compost (C1) was on a similar level, i.e. ± standard deviation * explanation as in Table 2 37.63 mg kg -1 d.m. on average (Table 3) . About 7 mg kg -1 d.m. of the total copper forms was determined in the compost with added urea (C4). The total Cu content determined in the analyzed materials was much lower than the limit for copper in composts suggested by the European Commission (wasiak, madeJ 2009). The content of water-extracted Cu was the highest in compost with urea (Table 3 ). In comparison, the content of this copper form in the other composts was 20 mg lower. This copper form constituted over 30% of the total Cu content in the compost with urea, and slightly over 15% in the other composts. Irrespectively of the applieds ubstance, a relatively low share of copper bound to organic matter was detected in the total content of this element. According to rosik--dulewska and mikszT (2004), the highest amount of copper in composted municipal waste, up to about 60% in the total content, is accumulated in the fraction bound to organic matter. The results of the authors' investigations conducted on municipal plant waste indicate that copper in the organic fraction did not exceed 20% of the total content of this element, which resulted from a considerable share of water-soluble forms. wong and selVam (2006) also showed that composting caused transformation of the copper residual form into mobile forms.
The total lead content in the composts was comparable and ranged between 14.87 mg and 15.62 mg kg -1 d.m. (Table 3) . As in the case of cadmium, copper and zinc, the highest amount of lead forms was extracted with water from the compost with urea. The lead content in the forms bound to organic matter was much higher than the content of water-extracted forms. The content of water-soluble forms of lead in the analyzed composts was low, except for the compost with urea addition (C4).
The total content of trace elements in the composts depends above all on their content in the material from which the biomass for composting was prepared. Changes in the organic matter content, and especially its loss, are not without importance for the content and availability of trace elements. The authors' investigations indicate that the composting of biodegradable materials with various added substances causes an increase in the total content of trace elements, as confirmed by results of other authors (lazzari et al. 2000, nomeda et al. 2008) . czekała (2006) went further, suggesting that changes in the trace element availability in composted waste were connected with changes in the content of soluble forms of organic matter.
The organic carbon content decreased in all the composts in comparison with the content determined in "heated" compost collected after removal from the bioreactor (Tables 1, 4) . zorpas et al. (2003) and liu et al. (2007) stated that the loss of organic carbon concerned mainly easily degradable organic compounds of composted biomass. Moreover, drozd and licznar (2004a) showed that the loss of organic carbon in composted waste depended on the biomass moisture content during the process. At a higher moisture content, the temperature of the composted mass was observed to be lower, especially during the thermophilic phase of the process.
The analysis of the content of humic compounds revealed considerable diversity of both the content of extracted carbon and the content of humic acids (Table 4) . Most carbon was extracted from the compost with urea (C4). The content of carbon extracted from the composts with starch (C2) and edible oil (C3) did not differ. The humic acid carbon content in the analyzed composts ranged widely, from 9.20 g kg -1 to 39.47 g kg -1 d.m. The highest amount of humic acid carbon was determined in the compost with urea (C4).
The fulvic acid carbon content ranged more narrowly, from 5.27 g kg -1 to 18.64 g kg -1 d.m. (Table 4) . As in the case of humic acid carbon, the biggest amount of this fraction of humic compounds was determined in the compost with urea (C4).
The varied content of Cha and Cfa was reflected in the ratio of both fractions. The composts with edible oil (C3) and urea (C4) were characterized by markedly higher values of the Cha:Cfa ratio: 2.75 and 2.11, respectively (Table 4) . Much lower values (less than one) of that ratio were found in the control compost (C1) and in the compost with starch (C2). The results of the research conducted by raJ and anTil (2011) on the maturity and stability of composts manufactured from agri-industrial waste indicate that the process led to the attainment of an optimal value of the Cha:Cfa ratio, i.e. 1.9. However, inBar et al. (1990) stated that 1.5 was the optimal value of the above ratio. In practice, a relatively small difference between these two values of the Cha:Cfa ratio may mean significant changes in the level of mineralization of composted materials, which might not necessarily be favorable for properties of the final product.
The most numerous group of microorganisms in the analyzed composts were bacteria, in contrast to fungi, which were the least numerous (Table 5 ). In the compost with starch, the number of vegetative forms of bacteria was almost three times as high as in the compost with oil and 9-fold higher than in the control compost. In the compost with urea, the number of dormant forms of bacteria was higher than the numerical strength of this physiological Table 2 group of microorganisms in the control compost (Table 5 ). The compost with urea contained over 8-fold fewer amylolytic bacteria compared to the numerical strength of this group of microorganisms found in the control compost (C1). The highest number of amylolytic bacteria (which decompose starch) was determined in the compost with starch addition. Fungi and actinomycetes thrived best in the compost with oil, which was a processed source of carbon (Table 5) . Fungi were the least numerous group of microorganisms in the compost. Adding urea to composted biomass considerably decreased the number of all groups of microorganisms. The highest reduction in the number of microorganisms was observed in proteolytic bacteria (ca 530-fold fewer than in the control) and actinomycetes (whose count decrased by about 136-fold) According to ma et al. (2003) , the efficiency of composting process depends on the composition of biomass subjected to biological transformation and on the metabolic activity of microorganisms. Among the physical parameters, an adequate reduction of the composted biomass volume and its aeration are essential for the right course of composting. According to pioTrowska-cyplik et al. (2008), a better indicator in an assessment of the biological activity of composted material is their enzymatic activity. These authors claim that the above measure allows for the explanation of the mechanisms and dynamics of the composting process.
COnCLUSIOnS
1. The total content of cadmium, zinc, copper and lead determined in the analyzed composts does not pose a threat to the purity of the soil environment. The loss of organic matter, the chemical properties of elements and the type of the added substances, mainly urea, affected the content of their water-soluble forms and forms bound to organic matter. 2. The analysis of the fractional composition of humic compounds of the composts revealed varied effects of the added substances on the content of extracted carbon and on the value of humic acid to fulvic acid carbon ratio. Markedly higher values were determined for the Ckh:Ckf ratio in the composts with edible oil and urea, which may indicate a more advanced decomposition of the composted material.
3. Out of the the analyzed microorganisms, bacteria were the most numerous in the composts. The added substances (oil, starch and urea) modified the quantitative composition of the microflora in the composts.
4. By adding 5% urea to biomass in order to improve the C:N ratio, mineralization is accelerated, which in turn disturbs the microbiological process, causing undesirable changes in quality of the composts.
